Significance Statement {#s5}
======================

This study aimed to examine functional connectivity between homotopic brain regions in drug-naïve, first-episode patients with AOS. The present study found that patients with AOS exhibited decreased interhemispheric interactions within the sensorimotor network compared with healthy controls. This result supports the disconnection theory of schizophrenia. Patients with AOS showed a parallel deficit pattern with adult-onset schizophrenia. This pattern corresponds to the neurodevelopmental hypothesis of the disorder. Furthermore, we found that decreased interhemispheric coordination within the STG/insula was significantly correlated with processing speed deficit, indicating that STG/insula disturbances may contribute to cognitive deficits in schizophrenia. These findings suggest that reduced interhemispheric connectivity within the sensorimotor network may play a pivotal role in the pathogenesis of schizophrenia.

Introduction {#s6}
============

Initial studies have posited that schizophrenia may be associated with failure of hemispheric dominance for language ([@CIT0026]; [@CIT0011]), because many of its symptoms are related to language lateralization, for example: neologism, circumlocution, and perseveration ([@CIT0001]). Aberrant asymmetries of brain structure may disrupt the evolution of language and delay language lateralization; these 2 results may collectively contribute to the emergence of schizophrenic symptoms ([@CIT0011]). However, succeeding studies have reported that individuals with schizophrenia exhibit normal auditory and language lateralization during language and cognitive processing ([@CIT0037]; [@CIT0042]). Other studies have also found that failure of language lateralization is associated with deficits in the inhibition of the right hemisphere ([@CIT0057]). Hence, schizophrenia may be a disorder of aberrant interhemispheric cooperation, not of abnormalities of the left hemisphere ([@CIT0012]).

Evidence suggests that the integrity of interhemispheric cooperation is impaired in patients with schizophrenia. The concept of interhemispheric cooperation deficits in schizophrenia is consistent with the recent hypothesis of schizophrenia as a disconnectivity disorder ([@CIT0019]; [@CIT0059]). This hypothesis conceptualizes schizophrenia as a disorder of dysfunctional connectivity that is associated with the disrupted integrity of white-matter fiber tracts, which connect homotopic brain regions and primarily mediate interhemispheric cooperation. Postmortem studies, as well as structural and diffusion imaging studies, have found reduced cellular density and volume and fractional anisotropy in white-matter fiber tracts of patients with schizophrenia ([@CIT0066]; [@CIT0032], [@CIT0033]; [@CIT0056]). The results of numerous of behavioral and psychophysiological studies have revealed the role of interhemispheric cooperation in schizophrenia. Electroencephalography measurements revealed that patients with schizophrenia show abnormal bilateral interhemispheric alpha-band coherence patterns during cognitive/activation tasks ([@CIT0044]). Meanwhile, event-related brain potential and behavioral measurements revealed decreased bilateral redundancy gain in patients with schizophrenia ([@CIT0041]; [@CIT0016]), the decrease of bilateral gain in patients with schizophrenia indicates the decrease of interhemispheric cooperation ([@CIT0004]). These results provide evidence that deficits in interhemispheric cooperation may contribute to the manifestation and cognitive deficit of schizophrenia.

Early-onset schizophrenia is defined as the onset of schizophrenia before 18 years old. It concludes childhood-onset schizophrenia, which develops before the patient is 13 years of age ([@CIT0051]), and AOS, which develops in patients between 13 and 18 years of age ([@CIT0018]). Cross-sectional and longitudinal studies of first-episode patients with schizophrenia have shown clinical and biological continuity between early-onset and adult-onset schizophrenia ([@CIT0046]). Early-onset schizophrenia shares the same diagnostic criteria and clinical characteristics with adult-onset schizophrenia ([@CIT0029]) and exhibits higher genetic vulnerability, more distinct responses to environmental influences, and refractory treatment response to antipsychotics ([@CIT0046]; [@CIT0029]) than adult-onset schizophrenia. Thus, the study of early-onset schizophrenia may reduce the heterogeneity inherent in schizophrenia, add evidence to the neurodevelopmental hypothesis of the disorder, and provide important clues to the aetiology of this disease.

AOS is similar to adult-onset schizophrenia in that the first episode of AOS that primarily occurs during late adolescence or early adulthood ([@CIT0036]) is usually recognizable, whereas the first episode of childhood-onset schizophrenia is somewhat obscure ([@CIT0002]). As schizophrenics may experience an entirely different neurodevelopment from exceedingly early age ([@CIT0013]), the adolescence of patients with childhood-onset schizophrenia may be distinctly different from that of patients with AOS. Moreover, the onset of schizophrenia in adolescents or young adults may also contribute to the second wave of influences of genetic and environmental factors and their interactions with earlier developmental abnormalities ([@CIT0038]; [@CIT0058]). Longitudinal studies have shown that the progressive loss of grey matter volume is more exaggerated in patients with childhood-onset schizophrenia than in patients with AOS ([@CIT0002]). Some baseline studies have found that progressive changes in childhood-onset schizophrenia are inconsistent with known deficits in adult-onset schizophrenia ([@CIT0031]; [@CIT0043]). Thus, given that childhood-onset schizophrenia and AOS may be secondary to a different primary pathology, these 2 stages should be studied separately. The majority of resting-state fMRI studies have explored functional connectivity ([@CIT0064]; [@CIT0061]) in adult-onset patients to identify the possible brain mechanism that underlies the psychopathology of schizophrenia. Considering that AOS is similar to adult-onset schizophrenia and studies focusing on interhemispheric functional connectivity conducted on this population of patients with schizophrenic can provide early aetiology of schizophrenia, we specifically investigated AOS.

Voxel-mirrored homotopic connectivity ([@CIT0068]) (VMHC) is an approach that can measure functional connectivity between homotopic brain regions. This method has been well conducted in patients with schizophrenia ([@CIT0030]; [@CIT0023], [@CIT0024], [@CIT0025]) and unaffected siblings ([@CIT0022]), depression ([@CIT0020], [@CIT0021]), and somatization disorder ([@CIT0060]). Moreover, support vector machine (SVM) is a supervised classification method ([@CIT0049]) that has been successfully applied in diagnostic and prognostic problems, text categorization, handwriting digital recognition ([@CIT0046a]), and bioinformatics domains ([@CIT0067]; [@CIT0014]).

In this study, we applied VMHC to obtain homotopic functional connectivity maps for 48 patients with AOS and for 31 healthy controls. We then used the maps to quantify interhemispheric cooperation in the subjects. We used the SVM classification method to identify the optimal brain region or network that may be used to distinguish patients with AOS from healthy controls. Furthermore, we aimed to investigate the correspondence between abnormal brain alterations during adolescence with previous resting-state VMHC findings for patients with early-onset and adult-onset schizophrenia. Our results may integrate and verify the interhemispheric cooperation findings of previous resting-state fMRI studies on schizophrenia and provide clues for the early aetiology of schizophrenia.

Methods {#s7}
=======

Participants {#s8}
------------

A total of 48 right-handed outpatients with AOS were recruited from the Second Affiliated Hospital of Xinxiang Medical University, and 31 right-handed healthy adolescents were recruited from the local community through advertisements and were screened using SCID. All participants were drug-naive adolescent outpatients with first-episode schizophrenia. The study participants met the following inclusion criteria: (1) 13 to 18 years old, (2) formal education \>6 years, IQ \>70, (4) no experience of alcohol or substance abuse, (5) without incompatible implants, (6) no history of head injury resulting in unconsciousness, (7) all patients with AOS met the DSM-IV-TR criteria for first-episode schizophrenia with an established diagnosis for no more than 2 years, (8) all AOS subjects had no comorbid Axis I disease or illness, (9) all control subjects had no past or current diagnosis of neurological disorders, claustrophobia, or family history of hereditary neurological disorders, and (10) all participants had not received any antipsychotic or psychotropic treatment. All recruited subjects provided informed consent from themselves and their parents or legal guardians. The study was approved by the Ethics Committee of the Second Affiliated Hospital of Xinxiang Medical University.

The symptom severity of patients with AOS was assessed using PANSS. The cognitive tests used to assess cognition performance included the Trail-Making Test: Part A (TMT-A); Brief Assessment of Cognition in Schizophrenia: Symbol Coding; Category Fluency: Animal Naming (Fluency); Hopkins Verbal Learning Test-Revised; Neuropsychological Assessment Battery: Mazes (NAB); Brief Visuospatial Memory Test-Revised; and Stroop word, color, and color-word tests ([@CIT0015]; [@CIT0007]).

Data Acquisition and Preprocessing {#s9}
----------------------------------

MRI images were acquired at the Second Affiliated Hospital of Xinxiang Medical University on the same day as clinical assessment. MRI data were acquired by using a Siemens 3T Trio scanner (Siemens Medical Systems) with an 8-channel phased-array head coil. All participants were instructed to remain relaxed, stationary, motionless, supine, with eyes closed, and awake during the whole examination. Straps and foam pads were used to fix each participant's head snugly and to limit head movement. First, localizer scans and conventional structural imaging were completed. Second, functional images were acquired through an echo-planar imaging sequence with the following parameters: TR/TE=2000/30 milliseconds, 33 slices, 64×64 matrix, 90° flip angle, field of view =220×220 mm^2^, interslice gap=0.6 mm, and voxel size=3.44 mm×3.44 mm×4 mm. The fMRI scan lasted 480 seconds and 240 volumes were obtained per subject.

Data were preprocessed with MATLAB (MathWorks) by using the statistical parametric mapping software package (SPM8, <http://www.fil.ion.ucl.ac.uk/spm>). Images were corrected for slice timing and head motion. The maximum displacement in the x, y, or z dimension of each subject should be no more than 2 mm and with an angular motion of no more than 2°. Then, functional images were normalized and resampled to 3×3×3 mm^3^. To decrease the effect of low-frequency drifts and physiological high-frequency noise, the images were smoothed spatially with an 8-mm FWHM Gaussian kernel, temporally bandpass filtered (0.01--0.08 Hz), and linearly detrended. Finally, linear regression was applied to remove spurious covariates and their temporal derivatives, such as 24 head motion parameters obtained by rigid body correction, the signal from a ventricular region of interest, and that from a region centered in the white matter ([@CIT0017]). In addition, the global signal was not regressed out of the present data, because the removal of the global signal during the preprocessing of resting-state FC data remains controversial ([@CIT0017]; [@CIT0045]; [@CIT0053]).

VMHC Analysis {#s10}
-------------

VMHC analysis was conducted with REST software (version 1.8). The time series for each voxel in one hemisphere was correlated with that for its homotopic voxel in the contralateral hemisphere. For each participant, homotopic FC was calculated as the Pearson correlation coefficient between the residual time series of each voxel and that of its mirrored interhemispheric voxel. The coefficients were then subjected to Fisher z-transformation. Finally, the VMHC maps were generated for all participants.

We compared the group VMHC maps with a voxel-wise 2-sample *t* test analysis. The level of significance was set at the corrected *P*\<.005 level using the Gaussian random field correction method at the cluster level (voxel significance: *P*\<.001, cluster significance: *P*\<.005). We used age and years of education as covariates to minimize the potential confounding effects. The framewise displacement values were computed for each subject, and the mean framewise displacement was used as a covariate in the group comparison.

Statistical Analysis {#s11}
--------------------

Demographic and clinical data, cognitive performance, VMHC, and correlations between VMHC values and PANSS scores/cognitive performance were statistically analyzed using SPSS 19.0 software. Differences in age, years of education, and cognitive parameters between patients with AOS and matched healthy controls were determined with 2-sample *t* tests. Gender between the 2 groups was compared through chi-square test. Partial correlation analyses with controlled age and years of education as covariates were performed between the 2 groups with Pearson coefficient. Posthoc analysis (Bonferroni) was used to correct the level of correlation.

SVM Classification Analysis {#s12}
---------------------------

SVM was conducted using the LIBSVM software package (<http://www.csie.ntu.edu.tw/~cjlin/libsvm/>). The LIBSVM classifier is trained to learn differences between groups by providing examples of the form (*x*~*i*~, *c*~*i*~), *i*=1, ..., *l*, where *x*~*i*~∈*R*^*n*^, *x*~*i*~ represents the VMHC values of abnormal clusters and c is the class label (c=+1 for patients with AOS and c=−1 for healthy controls). The grid search method and Gaussian radial basis function kernels were used for parameter optimization ([@CIT0035]). The "leave-pair-out" cross-validation approach was applied by using LIBSVM software to obtain the highest sensitivity and specificity.

Results {#s13}
=======

Demographic and Clinical Characteristics {#s14}
----------------------------------------

Demographic information on age, years of education, and gender, as well as clinical information and cognitive performance, is presented in [Table 1](#T1){ref-type="table"}. Gender, age, and years of education were not significantly different between patients with AOS and healthy controls. However, patients with AOS showed significant deficits in global cognitive tests compared with healthy controls. The duration of illness ranged from 0.5 to 24 months. The PANSS performances of patients with AOS are also presented in [Table 1](#T1){ref-type="table"}.

###### 

Demographic and Clinical Characteristics of the Subjects

  Characteristics               AOS             HC              Statistics   *p* values
  ----------------------------- --------------- --------------- ------------ ------------
  Sample size                   48              31                           
  Age(years)                    15.79 ± 1.64    15.42 ± 1.52    1.014        0.314
  Gender(M/F)                   21/27           14/17           0.015        0.903
  Education years(years)        8.88 ± 1.95     8.44 ± 1.56     1.056        0.294
  TMT-A                         59.52 ± 38.63   40.94 ± 14.48   3.021        0.012
  BACS-SC                       39.44 ± 12.17   55.81 ± 9.84    -6.276       \<0.001
  HVLT-R                        19.79 ± 6.05    26.13 ± 4.79    -4.919       \<0.001
  BVMT-R                        18.65 ± 8.37    28.94 ± 5.25    -6.716       \<0.001
  NAB-M                         10.31 ± 6.53    15.29 ± 6.40    -3.333       0.001
  Fluency                       15.54 ± 4.61    18.32 ± 4.81    -2.576       0.012
  Stroop word                   70.54 ± 20.96   90.58 ± 14.34   -4.660       \<0.001
  Stroop color                  43.10 ± 18.10   62.77 ± 14.00   -5.136       \<0.001
  Stroop color-word             24.08 ± 12.05   34.42 ± 7.11    -4.790       \<0.001
  PANSS                                                                      
   Total                        75.10 ± 9.88                                 
   Positive                     21.50 ± 5.01                                 
   Negative                     17.92 ± 6.95                                 
  General                       34.25 ± 5.89                                 
  Duration of illness(months)   5.35 ± 6.12                                  

Abbreviations: AOS, adolescent-onset schizophrenia; BACS-SC, Brief Assessment of Cognition in Schizophrenia-Symbol Coding; BVMT-R, Brief Visuospatial Memory Test-Revised; CF, category fluency; HC, healthy control; HVLT-R, Hopkins Verbal Learning Test-Revised; NAB-M, Neuropsychological Assessment Battery-Mazes; PANSS, Positive and Negative Syndrome Scale; TMT-A, Trail Making Test Part A.

Group Differences in VMHC {#s15}
-------------------------

ANCOVA revealed that compared with healthy controls, patients with AOS had significantly lower VMHC values in the fusiform gyrus, superior temporal gyrus (STG)/insula, precentral gyrus, and precuneus (see detail in [Table 2](#T2){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}). The results implied that abnormal interhemispheric interaction patterns might primarily occur in the sensorimotor network.

###### 

Brain Regions with Significant VMHC Differences between Patients with and Healthy Controls

  Brain Regions                      VMHC values (mean ± SD)   Number of voxels   t     p values   Peak MNI coordinate               
  ---------------------------------- ------------------------- ------------------ ----- ---------- --------------------- ----- ----- -----
  Decreased (Patients \< Controls)                                                                                                   
  Fusiform Gyrus                     0.352 ± 0.201             0.557 ± 0.217      68    -3.8871    \<0.000               ±36   -54   -15
  Superior Temporal Gyrus/Insula     0.358 ± 0.158             0.577 ± 0.278      86    -4.6346    \<0.000               ±45   -18   12
  Precentral Gyrus                   0.392 ± 0.193             0.596 ± 0.218      116   -3.9172    \<0.000               ±60   0     24
  Precuneus                          0.614 ± 0.195             0.816 ± 0.214      62    -4.2486    \<0.000               ±9    -48   45

Abbreviations: AOS, adolescent-onset schizophrenia; HC, healthy control; VMHC, voxel-mirrored homotopic connectivity.

The level of significance was set at the corrected *P*\<.005 level using the Gaussian random field correction method at the cluster level (voxel significance: *P*\<.001, cluster significance: *P*\<.005).

![Differences in voxel-based homotopic connectivity (VMHC) between patients with adolescent-onset schizophrenia (AOS) and healthy controls. The color bar represents the *t* values of the VMHC group analysis.](pyx09501){#F1}

Correlations, ROC, and SVM Results {#s16}
----------------------------------

In patients with AOS, decreased VMHC values and PANSS performances were not significantly correlated, whereas decreased VMHC values within 4 brain regions were correlated with cognitive deficits on the TMT-A and BASC-SC tests. The details of the correlations are as follows: the fusiform gyrus vs TMT-A (r=−0.287, *P*=.048), precentral gyrus vs TMT-A (r=−0.334, *P*=.020), STG/insula vs TMT-A (r=−0.437, *P*=.002), and STG/insula vs BASC-SC (r=0.294, *P*=.043). After Bonferroni correction, only decreased VMHC values in the STG/insula and TMT-A deficits were significantly correlated (r=−0.437, *P*=.002).

ROC analysis was used to determine the usefulness of VMHC differences in brain regions in discriminating patients with AOS from healthy controls. The AUC, cut-off value, sensitivity, and specificity of each brain region are summarized in [Table 3](#T3){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}. However, none of the VMHC abnormalities in the 4 regions could independently discriminate patients with AOS from healthy controls with satisfactory sensitivity and specificity. Thus, SVM analysis was conducted to examine whether a combination of VMHC values could be used to discriminate patients from healthy controls with optimal sensitivity and specificity ([Figure 3](#F3){ref-type="fig"}). The sensitivity, specificity, and accuracy of each combination of 2 brain regions are summarized in [Table 4](#T4){ref-type="table"}. The best results were achieved when VMHC values in the precentral gyrus and the precuneus were combined. This combination showed sensitivity of 100%, specificity of 87.09%, and accuracy of 94.93%.

###### 

ROC Analyses of Patients with AOS and Healthy Controls

  Brain region                     AUC     95% CI         Cut-off value   Sensitivity   Specificity
  -------------------------------- ------- -------------- --------------- ------------- -------------
  Fusiform Gyrus                   0.771   0.668, 0.873   0.3932          0.806         0.688
  Superior Temporal Gyrus/Insula   0.770   0.675, 0.883   0.4169          0.774         0.688
  Precentral Gyrus                 0.779   0.651, 0,877   0.3411          0.935         0.500
  Precuneus                        0.764   0.658, 0.883   0.8472          0.581         0.896

Abbreviations: AOS, adolescent-onset schizophrenia; AUC, area under the curve; ROC,receiver operating characteristic curve.

###### 

Number of Correctly Classified Subjects and the Sensitivity, Specificity, and Accuracy of the Combination of VMHC Values in Different Brain Regions

  Brain regions combination   Sensitivity   Specificity   Accuracy
  --------------------------- ------------- ------------- ----------
  AB                          0.875         0.742         0.823
  AC                          0.875         0.516         0.734
  AD                          0.854         0.581         0.747
  BC                          1.000         0.871         0.949
  BD                          0.896         0.548         0.759
  CD                          0.938         0.677         0.835

\(A\) Fusiform gyrus. (B) Precentral gyrus. (C) Precuneus. (D) Superior temporal gyrus/insula. VMHC, voxel-based homotopic connectivity.

![Receiver operating characteristic curve (ROC) of the discrimination between patients with adolescent-onset schizophrenia (AOS) and healthy controls using the voxel-based homotopic connectivity (VMHC) values of different brain regions.](pyx09502){#F2}

![Performance of voxel-based homotopic connectivity (VMHC)-based classification. Dimension 1 and dimension 2 represent the VMHC values in the precentral gyrus and precuneus, respectively. Red crosses represent the healthy controls, green crosses represent the adolescent-onset schizophrenia (AOS), and blue circles represent the support vectors.](pyx09503){#F3}

Discussion {#s17}
==========

This study aimed to examine functional connectivity between homotopic brain regions in drug-naive first-episode patients with AOS. We observed significantly decreased homotopic functional connectivity in patients with AOS compared with healthy controls. These reduced VMHC distributed over large areas, primarily including the fusiform gyrus, STG, insula, and precentral gyrus, as well as precuneus. We also observed that decreased VMHC in the STG/insula was significantly correlated with TMT-A cognitive deficits. The SVM classification result suggested that the combination of decreased VMHC of the precentral gyrus and the precuneus could be used to distinguish patients with AOS from healthy controls with the best sensitivity, specificity, and accuracy. These data added to numerous reports implicating aberrant interhemispheric cooperation in the psychopathology of schizophrenia.

The results of the VMHC approach indicated that regions with aberrant interhemispheric cooperation are mainly located in the sensorimotor network. Previous studies have reported sensory and motor abnormalities in schizophrenia. In schizophrenics, the motor cortex, like the prefrontal cortex, has decreased cortical volume and abnormal changes in associated executive functioning ([@CIT0048]). Imaging studies have found abnormalities in cortical and subcortical motor areas ([@CIT0005]), and eye movement studies have further revealed the motor cortex abnormalities are associated with function deficits in patients with schizophrenia ([@CIT0065]). Furthermore, increased activation in the bilateral neural network, which is involved in frontal-temporal areas, is significantly associated with auditory verbal hallucinations experience in patients with schizophrenia ([@CIT0052]). Diffusion measures have reinforced the potential of abnormalities in visual white-matter integrity as the mechanism that underlies visual-processing deficits ([@CIT0008]). Additionally, the absent asymmetry of fractional anisotropy within the uncinate fasciculus in patients with schizophrenia indicates dysfunctional visual and auditory processing ([@CIT0032]). The evidence added to the sensorimotor deficits in schizophrenics. Our finding about significantly decreased homotopic functional connectivity within the sensorimotor network supports the theory that schizophrenia results from the abnormal cooperation of the 2 functional hemispheres and highlights the possibility that bilateral cooperation deficits within the sensorimotor network are salient pathological clues for schizophrenia. This finding corresponds with that of previous resting-state VMHC studies on patients with adult-onset schizophrenia ([@CIT0024]). Thus, our study provides evidence for the continuity of interhemispheric cooperation abnormalities between AOS and adult-onset schizophrenia. However, our results are not in accordance with previous reports that VMHC patterns decreased in drug-naïve, first-episode patients with early-onset schizophrenia ([@CIT0034]). Specifically, patients with early-onset schizophrenia in the previous study, aged from 9.0 to 17.9 years, exhibited significantly lower VMHC values in the superior temporal cortex/postcentral gyrus than healthy controls ([@CIT0034]). Early-onset schizophrenia is a progressive neurodevelopmental disorder with early- and late-developmental abnormalities ([@CIT0063]). Early-onset schizophrenia may also associate with more salient environmental influence or greater genetic insults than late-onset schizophrenia ([@CIT0046]). The significant differences in neurodevelopmental abnormalities during childhood and adolescence might contribute to the discrepancies in the results of the 2 studies. Moreover, a more appropriate sample size may yield more powerful and generalizable results.

The combination of VMHC values in the precentral gyrus and the precuneus might be an ideal index for the discrimination of patients from healthy controls in present study. This combination showed discrimination with sensitivity of 100%, specificity of 87.09%, and accuracy of 94.93%. The precentral gyrus, which is functionally identified as Brodmann's area 4 and commonly known as the primary motor cortex, participates in somatosensory information processing and motor execution. The precuneus, which is located in the dorsal region of the posteromedial cortex between the somatosensory and visual cortex superior to the posterior cingulate and retrosplenial cortex, is implicated in multiple cognitive functions. Recent studies ([@CIT0039]) have suggested that the precuneus can be functionally subdivided into 4 discrete functional roles. The anterior precuneus exhibits functional connectivity with multiple motor cortex regions, whereas the remaining regions of the precuneus are associated with cognitive and visual functions ([@CIT0039]). The SVM results of our present study confirm that the core pathology of schizophrenia is attributed to the disturbed functional and structural integrity of the whole cerebrum and not to that of an individual brain region. The specific combination of decreased VMHC in the precentral gyrus and the precuneus is a potential biomarker that can be used to discriminate individuals with schizophrenia from healthy controls.

Compared with healthy controls, patients with AOS showed significant deficits in multiple cognitive functions, including processing speed (TMT, BASC-SC, and fluency), visual/spatial memory (BVMT), executive function/problem solving (NAB), and language (Stroop). Our findings on cognitive deficits in drug-naïve, first-episode patients with AOS paralleled those of previous works. Patients with schizophrenia exhibit severe dysfunction in global cognitive function, including executive function, attention, processing speed, verbal memory, visual memory, spatial memory, working memory, language, and motor scales ([@CIT0028]; [@CIT0027]; [@CIT0040]; Robert M. [@CIT0006]; [@CIT0050]). Cognitive deficits in the processing speed domain are correlated with decreased VMHC in the STG/insula. A growing body of interhemispheric cooperation studies suggest that cognitive processing by cooperating bilateral hemispheres is more efficient than that by an individual hemisphere ([@CIT0003]; [@CIT0047]). Thus, deficits in interhemispheric cooperation may contribute to deficits in cognitive processing. The insula is involved in information processing across various processing pathways. Its abnormal function in patients with schizophrenia indicates that functional connectivity is reduced during information processing ([@CIT0055]). Furthermore, STG has been identified as a possible location for processing deficits in schizophrenia ([@CIT0062]). Hence, changes in the STG and insula might contribute to aberrant processing patterns in schizophrenia. Consequently, we hypothesised that abnormal functional interhemispheric cooperation within brain regions might result in specific cognitive deficits.

This study has several limitations. The relatively small sample size of this study is its first limitation. A larger size would improve the generalizability of the findings. Second, the present study assessed functional connectivity alone; however, findings would be more robust if aberrant alterations in the gray and white matter of the cerebrum are also explored. Third, this study observed aberrant cerebral changes at the age points that are correlated with the onset of illness or established schizophrenia diagnosis. Aberrant developmental alterations during puberty to adulthood in patients with AOS still need to be studied. A future longitudinal study should focus on this topic.

In conclusion, we found that patients with AOS showed dysfunctional interhemispheric cooperation within the sensorimotor network. This result supports the disconnection theory of the pathogenesis of schizophrenia. Notably, the deficit pattern of patients with AOS parallels that of patients with adult-onset schizophrenia and corresponds to the neurodevelopmental hypothesis of the disorder. A comprehensive mechanism underlies deficits in interhemispheric functional connectivity. Widespread deficits in white matter integrity most likely account for VMHC abnormalities ([@CIT0066]; [@CIT0032]; [@CIT0009]). Nevertheless, future structural and functional studies should explore the other mechanisms that underlie abnormal VMHC patterns. Furthermore, decreased interhemispheric cooperation within the STG/insula is significantly correlated with processing speed deficits, indicating that disturbances in interhemispheric cooperation may contribute to cognitive deficits in schizophrenia. These findings suggest that mirror interhemispheric functional connectivity within the sensorimotor network has a pivotal role in the pathogenesis of schizophrenia.
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